I. NMR studies of VAPOL-Borates 2 and 8.

Preparation of VAPOL-meso-Borate 2 (Procedure A):
To a flame-dried 25 mL Schlenk flask equipped with a stir bar and flushed with nitrogen was added (R)-VAPOL 1 (54 mg, 0.10 mmol, 1.0 equiv), phenol (9.4 mg, 0.10 mmol, 1.0 equiv), dry toluene (2 mL) and BH 3 ·SMe 2 (2M in toluene, 0.10 mmol, 1.0 equiv). The flask was sealed and the resulting mixture was stirred at 100 °C for 1 h. The volatiles were then carefully removed via high vacuum and left under high vacuum at 100 °C for 0.5 h.
The residue was dissolved in approximately 0.7 mL CDCl 3 and transferred to a quartz NMR tube and was subjected to 1 H NMR and 11 B NMR analysis ( Figure 1a and 2a). To locate the five aromatic protons in the phenol moiety in the meso-borate 2, procedure A described above was repeated with phenol -2,3,4,5,6-d 5 (10 mg, 0.10 mmol, 1.0 equiv) and the resultant meso-borate 2 was subjected to 1 H NMR and 11 B NMR analysis (Figure 1b and 2b) . The ratio of meso-to pyro-borates with phenol was 17:1 and with the pentadeuterophenol was 13:1.
Spectral data for 2 (from phenol, Figure 1a ): 1 H NMR (CDCl 3 , 500 MHz) δ 6.64 (dd, 4H, J = 8.3, 1.0 Hz), 7.00 (t, 4H, J = 7.8 Hz), 7.13-7.18 (m, 4H), 7.30 (tt, 1H, J = 1.1, 7.5 Hz), 7.35-7.40 (m, 4H), 7.55 (s, 2H), 7.61 (ddd, 2H, J = 7.8, 7.0, 1.0 Hz), 7.72 (d, 2H , J = 9.0 Hz), 7.83 (d, 2H , J = 8.5 Hz), 7.95 (dd, 2H, J = 7.8, 1.2 Hz), 9.60 (d, 2H, J = 8.5 Hz) .
Spectral data for 2 (from pentadeuterophenol, Figure 1b ): 1 H NMR (CDCl 3 , 500 MHz) δ 6.64 (dd, 4H, J = 8.3, 1.0 Hz), 7.00 (t, 4H, J = 7.8 Hz), 7.15 (t, 2H, J = 7.3 Hz), 7.37 (ddd, 2H, J = 8.7, 7.0, 1.4 Hz), 7.55 (s, 2H), 7.61 (ddd, 2H, J = 7.8, 7.0, 1.0 Hz), 7.72 (d, 2H , J = 9.0 Hz), 7.83 (d, 2H , J = 8.5 Hz), 7.95 (dd, 2H, J = 7.8, 1.2 Hz), 9.59 (d, 2H, J = 8.5 Hz) . 11 B NMR spectrua of the meso-borate 2 generated from VAPOL by Procedure A with: a) phenol; b) phenol -2,3,4,5,6-d 5 .
a) b)
Preparation of pyro-borate 8 (Procedure B): To a flame-dried 25 mL Schlenk flask equipped with a stir bar and flushed with nitrogen was added phenol (113 mg, 1.20 mmol, 12.00 equiv), dry toluene (2 mL) and BH 3 ·SMe 2 (2M in toluene, 150 μL, 0.300 mmol, 3.00 equiv). The flask was sealed and the resulting mixture was stirred at 80 °C for 1 h. The volatiles were then carefully removed via high vacuum and left under high vacuum at rt for 0.5 h yielding a white solid. To this solid was added VAPOL (54 mg, 0.10 mmol, 1.0 equiv), dry toluene (2 mL) and H 2 O (1.8 μL, 0.10 mmol, 1.0 equiv). The mixture was stirred at 80 °C for 1 h. The volatiles were carefully removed via high vacuum and left under high vacuum at 80 °C for 0.5 h. The residue was then dissolved in approximately 0.7 mL CDCl 3 and transferred to a quartz NMR tube and the pyro-borate 8 subjected to 1 H NMR and 11 B NMR analysis ( Figure 3a and 4a). To locate the five aromatic protons in the phenol moiety in 8, the procedure B described above was repeated with phenol -2,3,4,5,6-d 5 (120 mg, 1.20 mmol, 12 .00 equiv) (Figure 3b and 4b). The ratio of pyro-to meso-borates with phenol was 8:1 and with the pentadeuterophenol was 8:1.
Spectral data for 8 (from phenol, Figure 3a II. NMR studies of VANOL-Borates 11 and 13.
Preparation of VANOL-meso-Borate 11: The procedure A described above in Section I was followed with (S)-VANOL 10 (44 mg, 0.10 mmol, 1.0 equiv) and phenol. The 1 H and 11 B NMR spectra of the resulting meso-borate 11 are shown in Figures 5a and 6a. To locate the five aromatic protons in the phenol moiety in 11, the procedure A described above was repeated with VANOL (44 mg, 0.10 mmol, 1.0 equiv) and phenol -2,3,4,5,6-d 5 (10 mg, 0.10 mmol, 1.0 equiv) (Figure 5b and 6b). The ratio of mesoto pyro-borates with phenol was 10:1 and with the pentadeuterophenol was 11:1.
Spectra data for 11 (from phenol, Figure 5a ): 1 H NMR (CDCl 3 , 500 MHz) δ 6.57 (d, 4H , J = 8.0 Hz), 6.97 (t, 4H, J = 7.5 Hz), 7.14 (tt, 2H, J = 7.5, 1. (m, 4H), 7.01 (t, 2H, J = 7.5), 7.04 (t, 4H, J = 7.5), 7.10 (t, 4H, J = 8.0), 7.11 (t, 2H, J = 7.5), 7.60 (s, 2H), 7. 61-7.66 (m, 4H), 7.88-7.92 (m, 2H), 8.16-8.22 (m, 2H) .
Spectra data for 13 (from pentadeuterophenol, Figure 7b III. Analysis of the structures of the meso-borate 11 and the pyro-borates 12 and 13 for VANOL.
BOROX catalysts of the VANOL ligand can be prepared from the VANOL ligand in much the same way as they are from VAPOL either by the initial formation of a pre-catalyst that is a mixture of meso-and pyro-borates and then exposure to a base (amine or imine) to generate the BOROX catalyst or by direct reaction of a borate ester with the ligand and a base (Scheme 1 in manuscript). It was deemed desirable to investigate in more depth the nature of the meso-and pyro-borates of the VANOL ligand and to compare those with the findings for the corresponding borates of VAPOL. In an effort to generate as clean a sample as possible of the VANOL meso-borate 11, the ligand was heated with 1 equivalent of BH 3 •SMe 2 and 1 equivalent of C 6 H 5 OH or C 6 D 5 OH in toluene at 100 °C for 1 h followed by removal of all volatiles at 100 °C under vacuum as shown in Scheme 1. Indeed, this gave a mixture of the meso-and pyro-borates that was in favor of the meso-borate by a factor of 10-11 to 1.
The
1 H NMR spectra of the protio-and deuterio-versions of the meso-borate 11 are presented in Figure 5 in Section II. As was the case for the VAPOL meso-borate 2, the most upfield absorption for the VANOL meso-borate 11 (δ = 6.57) is a doublet which is not due to the ortho-hydrogens of the phenoxy group. This is revealed by the difference in the spectra shown in Figures 5a and 5b which allow for assignment of the protons on the phenoxy group of the meso-borate 11 as a doublet at δ = 7.31 ppm, a triplet at δ = 7.35 ppm and a triplet at δ = 7.52. The spectrum in Figure 5b reveals that the only doublet that integrates to four protons is the one at δ = 6.57 ppm and thus this proton can only be assigned as the ortho-hyrogens (H f ) of the phenyl groups of the VANOL ligand.
When the pyro-borate of VANOL was generated from freshly prepared triarylborate by the same procedure used for the VAPOL pyro-borate shown in Scheme 4 in the manuscript, however, only a 2.5:1 mixture of pyro : meso borates was obtained starting with phenol and only a 2.3 : 1 mixture starting from pentadeuterophenol (Scheme 2). This seems to be some type of natural limit since previously we reported that by varying conditions, the maximum amount of pyro : meso borates of VANOL that we could obtain was 2.1 : 1.
1
As was the case for the pyro-borate of VAPOL 8, the most upfield multiplet at δ = 6.42 ppm is lost when the pyro-borate is prepared from pentadeuterophenol indicating this absorption comes from the phenoxy group. The other two absorptions of the phenoxy group could likewise be identified as a triplet at δ = 7.01 ppm and a triplet at δ = 7.10 ppm. With the help of the relatively clean 1 H NMR spectrum meso-borate of VANOL 11, all of the protons in of the pyro-borate of VANOL could be identified and are listed in Table 2 .
Given the information that was obtained from a computational analysis of the various VAPOL borates (Figure 4 in manuscript), energy minimized structures were determined at the B3LYP/6-31G (d) level of theory for VANOL 10, the meso-borate 11 and both isomers of the pyro-borates 12 and 13 and the minimized structures are shown in Figure 9 . The lowest energy structure in the gas phase for the VANOL was found to have a dihedral angle of 75.4°. The crystal structure of VANOL has been determined and the unit cell contains three different conformations with dihedral angles of 69. Figure 9 ). This increased dihedral angle may account for the fact that the shortest CH-π interaction among the three species is observed in the cyclic pyro-borate 13 and that the shortest distance between an ortho-hydrogen on a phenyl group on the VANOL ligand and an oxygen in the pyro-borate ester in the three species is observed for the cyclic pyro-borate 13 (d = 2.554 Å, Figure 9 ).
This would account for the fact that its doublet in the phenoxy group is the most shifted up field at δ = 6.46 ppm of the three species and why the doublet of the phenyl group is the most shifted downfield of the three species as a result of the CH-O bond of d = 2.554 Å. The energy minimizations also show that the cyclic VANOL pyro-borate 13 is 5.40 kcal/mol in energy more stable than the linear VANOL pyroborate 12. Thus the assignment of the VANOL pyro-borate is made as the cyclic isomer 13 rather than the linear isomer 12.
The 11 B NMR spectrum shows two broad peaks that are slightly separated but this is not unexpected since it is a 2:1 mixture of pyro-to meso-borates (Figure 8 ). Figure S1 . Geometries of VANOL 10 and VAPOL 1 at the B3LYP/6-31G(d) level. 
IV. 3D Geometries of DFT optimized structures
Cartesian coordinates & SCF energies for computed structures
Conformational search were carried out using Spartan'08 4, 5 with Molecular Mechanics. Full geometry optimizations were carried out using the Gaussian 03 package 6 at the B3LYP/6-31G(d) level of theory in the gas phase. Single-point energy calculations were performed on the optimized geometries at the b3lyp/6-311+g(d,p) level of theory in the gas phase. 6.360920 -3.558126 -1.315202 C 4.863592 -1.895344 -0.419122 C 5.545793 -1.919981 0.798824 C 7.057708 -3.586369 -0.105409 H 6.671056 -4.194867 -2.139328 H 5.222529 -1.280876 1.613273 H 7.913751 -4.243637 
